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X-BAltD SEA-RETURN MEASUREMENTS 

Abstract 

Measurements «1th an X-band system show that see return follows a 
la« between an Inverse square and Inverse cube with range» and 
between sero and the first power with pulse duration, tending 
toward the ferner set of conditions with shorter range, steeper 
incidence, and longer pulses. Sea return in surface radar follows 
closely the latter Haltsj the return for high-angle radar-control- 
led alsslles approaches the former. The —t— difference in sea 
return between vertical and horizontal polarisation is approximately 
10 db, with about the sane maximum difference for different headings. 
Vert leal polarisation and upwind headings give the greatest return. 
At an incidence of 45° an increase in roughness of the sea corres- 
ponding to a change of surface wind velocity from 1 to 10 knots 
Increases sea return by 30 db, with an even greater change at more 
slanting incidence. For a change of incidence from 1° above the 
horizontal to vertical, return from a Beaufort 3 aea (a few white- 
oaps) at a constant value of range varies by as much as 70 db, the 
return for different roughness of sea, headings, polarisations, 
and pulse durations approaching the same value as the Incidence 
nears the vertical. 
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Radar reflections from the roughened surfaoc of the so* result 
in * signal whose variation with rouge, pulse duration, and boom 
angle Is readily approximated by theoretloal prediction«. The 
measurements described In this report are to substantiate these 
predictions as far as possible and further to provide sufficient 
empirical data concerning the variation of sea return with angle 
of Incidence, roughness of seaf heading, and polarisation, I.e., 
variables to union sea return Is not easily related by theory, to 
allow the approximate prediction of X-band sea return under practi- 
cal conditions. Measurements of ship and airplane target return 
are Included for direct comparison. 

Theoretical otions• 
The received voltage from sea return la the resultant of the 

addition of the many tiny pulses returned from each of the wave- 
lets that presents a scattering point on the sea, each pulse of r-f 
voltage being added In a phase determined by its distance from the 
radar system, since the number of scattering points is usually 
very large and the relative distances random, the following statis- 
tical prediction can be made about the power returned! The average 
received power will be proportional to the number of scattering .  _ 
points and to the power density of the field Incident on the points. 

To determine tne approximate manner in which these two factors 
vary with range, pulse duration, end beam angle, it is convenient 
to oonalder the two separate oases shown In Fig. 1. The symbols 
used are defined In the figure. An expression for the power return- 
ed by the sea at a given range (averaged over a large number of sweeps 
so that a statistical prediction can be made) is obtained In each 
oase by multiplying the power received from one scattering point 
by the number of points whose return adds to the power at the given 
point on the range sweep.  The received power contributed by each 
scattering point is assumed to be the same. This In turn assumes that 
the antenna transmits and receives uniformly over a definite angle 
but not outside of that angle and also that the return is not affect- 
ed by the small differences in range or incidence to scattering points 
in the narrow strip that contributes overlapping pulses. 

In Case I the number of scattering points Involved is dependent 
on the pulse duration, alnoe only part of the returned pulses (with- 
in the range Increment So/2)  overlap and contribute to the received 

1     —  
Vor theoretical justification see RL Report *3-2*# page 8. 
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•1     «   taiä»    5H>««|p 

Pr* (*"«* fwr./sc<tter)C«o». of s^ific^) 

«-ASM-*-«) 

CaseH   (*C<^ta«6) 

Definitions of symbols not indicated on diagram; 

Pt« transmitted power 
Q s gain of transmitting antenna over point source 
S ■ pulse duration 
c ■ speed of light 
A ■ absorption cross section of receiving antenna 
Prs power received from sea return at a given range averaged 

over a large number of range sweeps 
Oi ■ effective cross section of each scatter as a function of 0 
n « average number of scatters on a unit area of the sea 

FI3-. I.  Two cases in the theoretical prediction of sea return. 
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Abstract 

Measurements «1th an X-band system show that see return follows a 
la« between an Inverse square and Inverse cube with range» and 
between sero and the first power with pulse duration, tending 
toward the ferner set of conditions with shorter range, steeper 
incidence, and longer pulses. Sea return in surface radar follows 
closely the latter Haltsj the return for high-angle radar-control- 
led alsslles approaches the former. The —t— difference in sea 
return between vertical and horizontal polarisation is approximately 
10 db, with about the sane maximum difference for different headings. 
Vert leal polarisation and upwind headings give the greatest return. 
At an incidence of 45° an increase in roughness of the sea corres- 
ponding to a change of surface wind velocity from 1 to 10 knots 
Increases sea return by 30 db, with an even greater change at more 
slanting incidence. For a change of incidence from 1° above the 
horizontal to vertical, return from a Beaufort 3 aea (a few white- 
oaps) at a constant value of range varies by as much as 70 db, the 
return for different roughness of sea, headings, polarisations, 
and pulse durations approaching the same value as the Incidence 
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Radar reflections from the roughened surfaoc of the so* result 
in * signal whose variation with rouge, pulse duration, and boom 
angle Is readily approximated by theoretloal prediction«. The 
measurements described In this report are to substantiate these 
predictions as far as possible and further to provide sufficient 
empirical data concerning the variation of sea return with angle 
of Incidence, roughness of seaf heading, and polarisation, I.e., 
variables to union sea return Is not easily related by theory, to 
allow the approximate prediction of X-band sea return under practi- 
cal conditions. Measurements of ship and airplane target return 
are Included for direct comparison. 

Theoretical otions• 
The received voltage from sea return la the resultant of the 

addition of the many tiny pulses returned from each of the wave- 
lets that presents a scattering point on the sea, each pulse of r-f 
voltage being added In a phase determined by its distance from the 
radar system, since the number of scattering points is usually 
very large and the relative distances random, the following statis- 
tical prediction can be made about the power returned! The average 
received power will be proportional to the number of scattering .  _ 
points and to the power density of the field Incident on the points. 

To determine tne approximate manner in which these two factors 
vary with range, pulse duration, end beam angle, it is convenient 
to oonalder the two separate oases shown In Fig. 1. The symbols 
used are defined In the figure. An expression for the power return- 
ed by the sea at a given range (averaged over a large number of sweeps 
so that a statistical prediction can be made) is obtained In each 
oase by multiplying the power received from one scattering point 
by the number of points whose return adds to the power at the given 
point on the range sweep.  The received power contributed by each 
scattering point is assumed to be the same. This In turn assumes that 
the antenna transmits and receives uniformly over a definite angle 
but not outside of that angle and also that the return is not affect- 
ed by the small differences in range or incidence to scattering points 
in the narrow strip that contributes overlapping pulses. 

In Case I the number of scattering points Involved is dependent 
on the pulse duration, alnoe only part of the returned pulses (with- 
in the range Increment So/2)  overlap and contribute to the received 

1     —  
Vor theoretical justification see RL Report *3-2*# page 8. 
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Definitions of symbols not indicated on diagram; 

Pt« transmitted power 
Q s gain of transmitting antenna over point source 
S ■ pulse duration 
c ■ speed of light 
A ■ absorption cross section of receiving antenna 
Prs power received from sea return at a given range averaged 

over a large number of range sweeps 
Oi ■ effective cross section of each scatter as a function of 0 
n « average number of scatters on a unit area of the sea 

FI3-. I.  Two cases in the theoretical prediction of sea return. 
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ABSTRACT: 

Measurements with the APS-6A X-band radar system show that sea return follows a law between an 
inverse square and Inverse cube with range, and between zero and the first power with pulse duration. 
The maximum difference in sea return between vertical and horizontal polarization is approximately 10 db, 
with about the same maximum difference for different headings.  Variations of the sea return with range, 
pulse duration, angle of incidence, roughness of sea, heading, and polarization are discussed. 
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ABSTRACT: 

Measurements with an X-band System show that sea return follows a law between an 
Inverse square and Inverse cube with range, and between zero end the first power xritb 
poise duration, tending toward ths former set of condttlona with shorter range, steeper Incidence, 
and longer puloes. 8ea return In snrfacs radar follows closely tit» latter limits; the return for 
high-angle radar-controlled missiles approaches the former.   The mart mum difference In 
Bea return between vertical and horizontal polarization Is approslmntely 10 db, with obout ths 
aams mairimTim difference for different headings.  Vertical polarization and upwind headings 
give ttta greatest return. 
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